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Abstract 
The article focuses on the problem of assessing the level of the fuzzy phenomena as environmental safety territorial entities. The study presents 
a solution to this problem by neural networks. Application of neural networks allows to overcome the lack of available information on the input 
and to carry out the correct assessment of the environmental safety of territorial entities. Method of training a neural network is used for this. 
The advantages of using fuzzy neural networks are the flexibility and the opportunity to work directly with implicit parameters and criteria 
known to approximate or unknown data; a tolerance of ambiguities and contradictions of used data. This technique allowed solve the following 
tasks: to carry out a typology of subjects of the Russia in terms of environmental safety and to develop scenarios increase their security; to 
perform a forecast of changes in their development, taking into account environmental factors. 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of the 13th Global Conference on Sustainable Manufacturing. 
Keywords: Fuzzy Neural Networks; Environmental Safety; Subjects of the Russia; Indicator. 
1. Introduction 
Environmental safety is one of the key areas of society 
functioning, which suggest the formation of alternative 
scenarios of the development that cannot be made without 
proper assessment. The problem of the assessment of 
environmental safety is acute today in the absence of full and 
clear information, lack of observations, qualitative and 
quantitative factors, the need in quick decision-making on the 
basis of analysis of a large amount of input data. 
Environmental safety is a complex system object for study 
that makes difficult to develop an effective mechanism for 
assessing social and economic systems according to the 
environmental safety level. The most powerful tool here is the 
classification using fuzzy neural networks. 
2. Review of research on the application of fuzzy neural 
networks 
Neural networks are a new and very promising processing 
technology, which gives new approaches of studying complex 
multi-dimensional phenomena. They provide the possibility of 
nonlinear processes modeling, working with noisy data and 
adaptability to real processes. [1] 
The development of neural networks began since the 20th 
century. In 1943 Wiener published the work on cybernetics 
whose basic idea was to represent complex biological 
processes with the help mathematical models. That year, W. 
McCulloch and W. Pitts formalized the concept of a neural 
network in the fundamental article on the logical calculus of 
ideas and nervous activity. D. O. Hebb, F. Rosenblatt, B. 
Widrow, M.M. Bongard, Paul J. Verbos, A. I. Galushkin, 
Fukushima, T. K. Kohonen, J.J. Hopfield, D. I. Rumelhart, S. 
I. Bartzev, V. A. Ohonin, J. Hillton and others made a major 
contribution to the theory of artificial neural networks. They 
developed the first working algorithms of artificial neural 
networks learning, created pattern recognition algorithms and 
so forth. [2, 3] 
Today fuzzy neural networks are used for solving applied 
problems in such areas as medicine, biology, sports, 
production and economy. This is due to the special 
characteristics of neural networks: the ability to model, 
identify and process signals; classify and recognize patterns; 
predict the future state of the system; identify and evaluate, 
establish relations. 
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It should be noted that the works by Russian specialists,  
V. A. Terekhov, V. M. Lazarev, A. P. Sviridov, A. N. Gorban 
etc., as well as foreign ones, S. Osovsky, F. Wasserman, Anil 
K. Jain etc., deal with the research of applied use of fuzzy 
neural networks technique [4]. 
The use of neural networks for practical problems is 
hindered by a number of problems; for example, in the 
problems of classification it is not known beforehand how 
complex network will be required to obtain somewhat 
accurate results. There may be too much complexity. The 
network architecture, in other words, the number of layers and 
elements in each layer, must be determined before the start of 
training. A network creates complex nonlinear separating 
surfaces in the entry space. In a network with one hidden 
layer the vectors of samples are first transformed 
(nonlinearly) to a new representation space (hidden layer 
space), and then hyperplanes corresponding to output nodes 
are arranged to divide the classes in the new space. Thus, now 
the network recognizes the other features - "performance 
characteristics" obtained in the hidden layer. [5] 
The efficacy of neural networks usage for classification 
can be explained by the fact that it leads to the choice of an 
optimal model from a large number of generated regression 
models. In addition, their use is justified in those cases where 
the source data are either incomplete or inaccurate. It is 
typical for statistics on the level of municipal districts. 
The critical analysis of the studies on the application of 
fuzzy neural networks revealed that the technology can be 
used to build the classifier of social and economic systems 
according to the level of environmental safety. 
3. Development of the algorithm for constructing the 
classifier of social and economic systems according to the 
level of environmental safety 
We propose an algorithm for constructing the classifier of 
social and economic systems according to the level of 
environmental safety, which is based on fuzzy neural network 
technology and methods of multivariate statistical analysis.  
Figure 1 shows the algorithm for constructing the 
classifier.  
Let us consider the concrete stages of the construction of 
the classifier. 
Stage 1. The creation of indicators system characterizing 
environmental safety was carried out taking the specifics of 
the object of study into account. Municipalities of the Russian 
Federation regions were considered as the object of study. 
Municipalities are among the most complex objects of study. 
In understanding of the nature of the municipality an 
important point is the nature of its relations with other 
systems (nation, subject of the federation), which together 
constitute the external environment, a part of which is the 
municipality itself. Despite the fact that it is relatively 
independent of the external environment, but it retains both 
the characteristics that describe the subject of the federation, 
the state as a whole, and also its own specifics. [6] 
Stage 2. The process of raw date reduction to a single 
dimension was carried out on the basis of standardization and 
regulation procedures.  
 
Fig. 1. Algorithm for constructing the classifier of social and economic 
systems according to the level of environmental safety. 
 
These procedures make it possible to display the value of 
each index in the range from 0 to 1, while maintaining all the 
proportions between the individual values. [7, 8, 9, 10, 11, 12] 
Stage 3. The establishing of standard class representatives 
of social and economic systems according to the level of 
environmental safety was carried out on the basis of a 
statistical method - cluster analysis. The application of this 
method for splitting the initial set of objects into classes for 
several years reveals the stable representatives of groups. 
These representatives will be standards (samples) of the 
chosen classes. 
Stage 4. The classification problem can be solved using the 
following types of networks: multilayer perceptron, radial 
basis function, Kohonen network, probabilistic neural 
networks and linear network. The architecture of fuzzy neural 
network in this case has three layers of neurons: input, hidden 
and output. The input layer is composed of a system of 
indicators characterizing the environmental safety of the 
social and economic systems. Synopses provide the 
connection between the input layer and the hidden layer of 
neurons, in which the neuron activity is calculated as 
Euclidean metrics. The output layer is represented by neurons, 
on the basis of which Gaussian membership functions are 
computed. Using a Gaussian function ensures the elimination 
of noise (irrelevant information), available in the input data. 
In addition, the network is capable of self-learning, which 
improves the quality of assessment. To do this, the network 
architecture has feedback, which connects the output layer 
network with hidden layer of neurons in order to correct the 
weight of hidden layer synopses. 
1. Creation of metrics characterizing the environmental 
safety of social and economic systems 
2. Process of raw data reduction to a single dimension 
3. Establishing of standard class representatives of social and 
economic systems according to the level of environmental 
safety 
4. Construction of fuzzy neural network architecture 
5. Actual construction of the fuzzy learning neural network  
6. Assessment of the quality of the constructed classifier of 
social and economic systems (fuzzy neural networks) 
7. Classification of social and economic systems according 
to the level of environmental safety 
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Stages 5-6. When constructing a network, it is necessary to 
control the quality of result. For these purposes the cross-
check is used, which assumes splitting observations into 
training and control sets. Within this process, the error 
function is formed. It requires minimization during supervised 
learning of a neural network. This function is designed to 
assess the quality of a neural network during learning. The 
ability of a neural network to solve the problems set for it 
depends on its quality of learning. In addition, for improving 
the results the network retraining is used. Network retraining 
has such disadvantage as the loss of the ability to generalize 
the phenomenon under investigation. To guarantee the final 
model proper reliability, they often (at least when the amount 
of training data enables to do it) use the following procedure: 
one more thing is reserved - a test set of observations. The 
resulting model is tested on the data from this set to make sure 
that the results achieved in the training and control sets are 
real and are not an artifact of the learning process. [13, 14] 
Stage 7. As a result, a workable neural network is formed, 
which allows us to classify social and economic systems 
according to the level of environmental safety and can be used 
for various areas of the same level of management. 
4. Classifier of municipalities according to the level of 
environmental safety 
The developed algorithm for constructing the classifier of 
social and economic systems according to the level of 
environmental safety was tested on the municipalities of the 
Russian Federation regions. 
The formation of the indicators system characterizing the 
environmental safety of municipalities was carried out taking 
national and regional components, as well as the specifics of 
municipalities into account. [15, 16, 17] 
Table 1 shows an initial set of indicators formed on the 
basis of the database of the Federal State Statistics Service. 
[18] 
Since the original data set had different dimensions, the 
procedure of raw data normalization was applied, as a result 
of which the studied parameters that characterize ecological 
safety began to take values from 0 to 1. 
The normalized data were the basis for determining 
reference representatives of the classes of the municipalities 
according to the level of environmental safety. 
The study was conducted on the material of 57 
municipalities of Tomskaya Oblast (16 municipalities), 
Kurganskaya Oblast (24 municipalities) and the Khabarovsky 
Krai (24 municipalities) for 2012 and 2013. 
The decomposition of municipalities into classes was 
based on the methods of cluster analysis - method of k-means 
and the method of hierarchy. Table 2 presents the results of 
clustering of municipalities of Russian regions according to 
the level of environmental safety for 2012 on the basis of k-
means method. 
Reference representatives of the municipalities selected on 
the basis of cluster analysis for 2012 were used to construct a 
neural network. 
 
 
Table 1. Indicators characterizing the environmental safety of the 
municipalities. 
Variable Indicator 
x1 Production and consumption waste, thousands of tonnes per 
capita 
x2 Use and neutralization of production and consumption waste, 
thousands of tonnes per capita 
x3 Fixed capital investments aimed at environmental protection 
and rational use of natural resources in Russia, thousand rubles 
per capita 
x4 Costs of protection and rehabilitation of lands, surface water 
and groundwater, thousand rubles per capita 
x5 Costs of biodiversity conservation and protection of natural 
areas, thousands of rubles per capita 
x6 Costs of air protection and climate change prevention, 
thousand rubles per capita 
x7 Production index of economic activity "mining operations", as 
a percentage of the previous year 
x8 Production index of economic activity "manufacturing", as a 
percentage of the previous year 
x9 Production index of economic activity "production and 
distribution of electricity, gas and water", as a percentage of 
the previous year 
x10 Index of industrial production, as a percentage of the previous 
year 
x11 Emissions of pollutants into the atmosphere from stationary 
sources, tonnes / km2 
x12 Trapping of air pollutants from stationary sources, tonnes/ 
km2 
x13  The use of fresh water, thous. cubic meters per capita 
x14 The amount of recycled and consequently used water, thous. 
cubic meters per capita 
x15 Discharge of polluted wastewater into surface water bodies, 
thous. Cubic meters per capita 
x16 Reduction of material costs per unit of goods, work and 
services by organizations, as a percentage of the total 
x17 Reduction of energy to produce a unit of goods, work and 
services by organizations, as a percentage of the total 
x18 Reduction of carbon dioxide emissions (CO2) by 
organizations, as a percentage of the total 
x19 Replacement of raw materials or the less dangerous materials 
by organizations, as a percentage of the total 
х20 Reduction of the air, land, water pollution and noise reduction 
by organizations, as a percentage of the total 
х21 Recycling of wastes, water and materials, as a percentage of 
the total 
х22 The amount of work performed by the kind of economic 
activity "Construction", in actual prices, thous. rub. per capita 
х23 Trucking, mln. tons 
х24 Freighting, mln. Ton-km 
х25 Share of current expenditure on environmental protection, as a 
percentage of the total 
х26 Proportion of facilities with stationary sources of emissions, as 
a percentage of the total 
 
In this case, two reference classes have been distinguished 
on the basis of the use of cluster analysis – hierarchy and k-
means methods. In the study of other territorial units 
intermediate classes can be determined during the formation 
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of the reference groups. The use of the same method of fuzzy 
neural network on the example of municipalities for 2012 and 
2013 has enabled to predict their belonging to the previously 
determined reference classes. 
The construction and training of the network was carried 
out in the program “Statistica 10.0”. 
The neural network was trained using BFGS algorithm 
(iterative method). In a series of trials a few neural networks 
were selected. The best neural network was a network 
consisting of one neuron and thus with a single layer (Fig.2). 
 
Fig. 2. Network architecture. 
 
The best neural network was a network consisting of one 
neuron and thus with a single layer. 
Table 2. Reference representatives of the municipalities. 
Claster Type Municipalities 
1 
Low 
(unsafe) 
Aleksandrovsky area (1), Asinovsky area (4), 
Bakcharsky area (6), Verhneketsky area (12), 
Zyiryanskiy area (16), Kargasoksky area (20), 
Kozhevnikovsky area (23), Kolpashevsky area 
(24), Krivosheinsky area (26), Molchanovsky area 
(32), Parabelsky area (36), Pervomaysky area (37), 
Teguldetsky area (44), Tomsk area (45), Chainsky 
area (50), Shegarsky area(54). 
2 
High 
(safe) 
Almenevsky area (2), Amursky area (3), Ayano-
Maysky area (5), Belozersky area (7), Bikinsky 
area (8), Vaninskiy area (9), Vargashinsky area 
(10), Verhnebureinsky area (11), Vyazemsky area 
(13), Dalmatovsky area (14), Zverinogolovsky area 
(15), Lazo area (17), Polinyi Osipenko area (18), 
Kargapolsky area (19), Kataysky area (21), 
Ketovsky area (22), Komsomolsky area (25), 
Kurtamyishsky area (27), Lebyazhevsky area (28), 
Makushinsky area (29), Mishkinsky area (30), 
Mokrousovsky area (31), Nanaysk area (33), 
Nikolaevsk area (34), Ohotsk area (35), 
Petuhovsky area (38), Polovinsky area (39), 
Pritobolny area (40), Safakulevsky area (41), 
Sovetsko-Gavansky area (42), Solnechny area (43), 
Tuguro-Chumikansky area (46), Ulchsky area (47), 
Habarovsk area (48), Tselinny area (49), 
Chastoozersky area (51), Shadrinsk area (52), 
Shatrovsk area (53), Shumihinsky area (55), 
Schuchansky area(56), Yurgamyishsky area (57).  
This is due to the fact that the types of the municipalities 
that we had predicted were built with the help of cluster 
analysis. The algorithm chose 10 most suitable networks, each 
of which reported a zero error. 
Each trained network was used to predict the state of the 
municipalities according to the level of environmental safety 
in 2013. A half of the networks reported non-zero error in 
comparison with the cluster analysis for 2013. This is due to 
the fact that they used a part of the input data with more 
weight, and thus a small deviation of the data resulted in a 
significant change in result. However, the rest of the networks 
gave an acceptable result - zero error.  
Table 3 shows the results of the neural network. 
Table 3. Results of the application of neural networks for attributing of 
municipalities to the selected classes for 2013. 
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Thus, the results of the study allow us to establish the fact 
that the use of fuzzy neural networks for the classification of 
the municipalities according to the level of environmental 
safety is appropriate. Using such tool as neural networks in 
problems of classification enables to get stable classes of 
municipalities according to their level of environmental 
safety. In addition, the results of the study can be used to 
predict the belonging of municipalities to a particular class. 
Using neural networks for the assessment of the 
environmental safety of the Russian Federation regions in 
2013 revealed the following benefits of their application: the 
possibility to work directly with unclearly defined parameters 
and criteria, a priori approximate or unknown data, tolerance 
618   Vladimir Glinskiy et al. /  Procedia CIRP  40 ( 2016 )  614 – 618 
of ambiguities and contradictions of the used data, flexibility 
and relatively low prime cost. Beside overcoming the 
drawbacks, the input information is provided with the 
possibility to train the neural network, which leads to its 
efficient operation and enables to do the correct assessment of 
the environmental safety of socio-economic systems. 
Qualitative assessment of the environmental safety of the 
Russian Federation subjects with the use of such technologies 
as hybrid fuzzy neural network can solve the following 
problems: the creation of a system of classification of the 
Russian Federation subjects according to the environmental 
safety level and forecasting of changes in their development 
due to the changes in the level of environmental safety. 
Furthermore, the results of the study can be used to create 
scenarios of development of the Russian Federation subjects. 
This technique can be used to classify not only 
municipalities, but also other social and economic systems of 
different levels of management. In the Russian Federation on 
the material of the database of the Federal State Statistics 
Service the classification of areas according to the level of 
environmental safety can be carried out for the federal 
districts, regions and municipalities. Since this approach to 
the assessment of environmental safety includes the 
attribution of area units to a particular type, this method can 
be applied to other countries in view of their specificity and 
the available data on them. 
5. Conclusion  
The applied use of fuzzy neural networks in the sphere of 
environmental safety promotes flexibility in decision-making 
in the field of environmental safety, namely rapid construction 
of models of behavior of the Russian Federation subjects, 
which involves taking timely quality response, which can be 
achieved using this hybrid technology. 
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